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substrate is needed.

One method for determining substrate temperature
applies the principles of pyrometry. Pyrometers, or devices
based on pyrometry, exploit the general property that
objects emit radiation with a particular spectral content.
and intensity that is characteristic of their temperature.

By measuring the emitted radiation, the object=s temperature

can be determined. In systems that incorporate pyrometers,
a thermal reflector is positioned near the substrate to
create a virtual black body cavity between the reflector and
the substrate. Additionally, a temperature probe with a
light pipe is used to sample radiation in the cavity through
an aperture in the reflector. The sampled intensity is
passed through an optical transmitter to the pyrometer where
it is converted to temperature information. Further, to
increase the precision of the temperature monitoring
process, the emitted radiation intensity can be monitored
via a plurality of temperature probes and pyrometers which
monitor the temperature of localized regions of the
substrate and perform appropriate conversions to obtain
temperature. Temperature readings from various probes and
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diameter), they are relatlve v fragile components that can

be easily chipped during handling. Chipped sapphire light
pipes transmit less light to the pyrometers, resulting in
inaccurate temperature readings which can adversely impact
the operations of the processing egquipment.

As costs associated with replacing chipped probes can
be a significant portion of operating expenses, a durable,
cost-effective temperature probe that can operate in a high
temperature processing chamber is needed.

SUMMARY

A temperature probe provides a light conductor having
first and second portions and an enclosure housing the light
conductor. The enclosure provides a passageway for housing
the second portion of the light conductor and an opening
connecting the passageway to the exterior of the enclosure.

The opening is adapted to project the first portion of the
light conductor from the passageway. The enclosure also has
a seal in the passageway for encapsulating the second
portion of the light conductor in the passageway.

In one aspect, the light conductor is a pure silica
fiber optic cable. In another aspect, the light conductor
igs a multi-mode fiber optic cable with a silica core and a
cladding exterior. The cladding is stripped to form the
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i's rendered MESre segment of the light transmitter extends from the
opening while the rest of the light conductor is protected
inside the enclosure. Because the short segment is
structurally supported by the enclosure, it is rendered more
rigid and less prone to chipping. Further, the seal
insulates the second portion inside the enclosure from the
environment of the process chamber. The resulting
temperature probe is less expensive, easier to handle and
more rugged.

Other features and advantages will be apparent from the
following description and from the claims.

Brief Description of the Drawings

Fig. 1 is a cross-sectional side view of an RTP system;

Fig. 2 is an enlarged cross-section side view showing
details of a probe of Figure 1;

Fig. 3 is an enlarged cross-section side view showing
details of another embodiment of the probe of Figure 1; and

Fig. 4 is an enlafged cross-section side view showing
details of a probe mounted in the system of Figure 1.

Description
In the following description, the term "substrate" is
intended to broadly cover any object that is being processed
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heating element 110 generates radiation 112 which enters the
process chamber 100 through a water-cooled quartz window
assembly 114 above the substrate 106. The backside of the
quartz window 114 is ideally coated with an inert material
which is transparent to thermal radiation in all but this
narrow band of wavelengths, thereby reducing the likelihood
that the heat source will introduce stray radiation into the
reflecting cavity.

Beneath the substrate 106 is a reflector 102 which is
mounted on a water-cooled, stainless steel base 116.
Reflector 102 may be made of aluminum and may have a highly
reflective surface coating 120. The underside of substrate
106 and the top of reflector 102 form a reflecting cavity
118 for enhancing the effective emissivity of the substrate.

The temperatures at localized regions 109 of substrate
106 are measured by the plurality of temperature probes
126A, 126B and 126C. The temperature probe 126A is
positioned within a conduit 124A so that its uppermost end
is flush with or slightly below the top of the reflector
102. The other end of the temperature probe 126A is
connected to a flexible optical fiber 125A that transmits
sampled light from the substrate 106 to a pyrometer 128A.
The remaining temperature probes 1268 and 126C are similarly
connected via optical fibers 125B and 125C through conduits
124B and 124C to pyrometers 128B and 128C, respectively.

The output of the pyrometers 128a, 128B and 128C are sensed
by a digital controller 150, which in turn drives the
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sensitive (e.g., one-quarter of 950 nmm). If gold is an
unacceptable material for reflecting purposes, other
reflecting materials may also be used. Other types of
suitable coatings are disclosed in U.S. Application Serial
No. 08/845,931, filed 4/29/97, entitled “REFLECTOR HAVING A
METALLIC BONDING LAYER FOR A SEMICONDUCTOR PROCESSING
CHAMBER" and U.S. Application Serial No. 08/697,633, filed
8/28/96, entitled “REFLECTOR FOR A SEMICONDUCTOR PROCESSING
CHAMBER*, both of which are assigned to the assignee of the
present invention and hereby incorporated by reference.

The top layer of the multi-layered structure is a
passivation layer, which prevents the gold of the reflecting
layer from possibly contaminating the RTP chamber. The
passivation layer may be made of silicon dioxide, aluminum
oxide, silicon nitride, or any other acceptable material
that will passivate the reflecting layer without degrading
its reflective properties at the wavelength of interest.

The separation between the substrate 106 and reflector
102 may be approximately 0.3 inch (7.6 mm), thus forming a
cavity which has a width-to-height ratio of about 27. In
processing systems that are designed for eight-inch (300mm)
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the assignee of the present invention, and hereby

incorporated by reference.

The support structure which rotates the substrate
includes a support ring 134 which contacts the substrate 106
around the substrate's outer perimeter, thereby leaving all
of the underside of the substrate 106 exposed except for a
small annular region about the outer perimeter. The support
ring 134 may have a radial width of approximately one inch
(2.5 cm). To minimize the thermal discontinuities that will
occur at the edge of substrate 106 during processing, the
support ring 134 may be made of the same, or similar,
material as the substrate, e.g., silicon or silicon carbide.
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during thermal processing.

The support ring 134 is designed to create a light
tight seal with the cylinder 136. Extending from the bottom
surface of the support ring 134 is a cylindrically shaped
lip which has an outside diameter that is slightly smaller
than the inside diameter of the cylinder 136, so that it
fits into the cylinder 136, as shown, and forms a light
‘seal. On the inside region of the support ring, there is a
shelf for supporting substrate 106. The shelf is a region
around the inside circumference of the support ring that is
lower than the rest of the support ring.

A purge ring 145 which is fitted into the chamber body
surrounds the cylinder 136. The purge ring 145 has an
internal annular cavity which opens up to a region above
upper bearing race 141. The internal cavity is connected to
a gas supply through a passageway. During processing, a
purge gas is delivered to the chamber through the purge ring
145,

The support ring 134 has an outer radius that is larger
than the radius of the cylinder 136 so that it extends out
beyond the cylinder. The annular extension of the support
ring beyond the cylinder 136, in cooperation with the purge
ring 145 located below it, functions as a baffle which
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mode, fiber optic cable available from 3M Corporation of
West Haven, CT. The multi-mode fiber optic cable has a core
made of quartz silica and a cladding made of a sheath of a
low-temperature polymer. Although the silica core can
withstand the high temperature of the chamber 100, exposing
the polymer to the high temperature environment of the
chamber 100 would result in an effect known as “clouding”,
where the polymer degrades via evaporation and renders the
fiber optic cable unusable.

To protect the fiber optic cable against the high
temperature associated with the operation of the chamber
100, the cladding of the fiber optic cable is stripped away

" to expose the fiber optic core. Specifically, about 0.1
inch of the cladding material is removed to expose the core
material of the fiber optic cable. This core thus forms
the first end portion 216 which is eventually inserted
through one of conduits 124A-124C to capture temperature
information from localized regions 109. Further, the second
end portion 218 is protected in an enclosure 201, as
described below. In this manner, only the silica core is
exposed to collect high intensity radiation from the heated
substrate 106 while the polymer sheath is protected from the
high temperature.



than the inside dianeter of the cylinder 136, so that it fits into the
cyl i nder 138Y03%145%wn, and fornms a |ight seal . On the i nspEEUEsHGiopey Of
the support ring, there is a shelf for supporting substrate 106. The
shelf is a region around the inside circunference of the support ring
that is |ower thdhe ROGesurs 20dewhidgboheuseagthe light Aquéwgeor my 4145
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Clpport ring T33°ak PHALBIPEE STRL 1actimyPotie 08 Bavcharedan owtaide
mat eri al that dabmetbs Dﬁeapadoaim@melygmnknak&dahﬁ beabngghegfnePL %10
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are shown. prd Fl@éﬁéagewﬁﬁe29%pwhgﬂhukﬁ|Lmaaa§ﬁwea&ugnedpwmhb 126 Al nner
passageway 204. At the interface with the inner passageway
204, the body passageway 209 may have a diameter of
approximately 0.04 inch, while at the other end, the body
passageway 209 has a diameter of about 0.06 inch. The
increase in diameter for the passageway 209 provides
flexibility in inserting and mounting of the light conductor
214,
Once the light conductor 214 has been inserted and
mounted nearly flushed against the end of the tip 202, a
sealing system is provided to protect the interior of the
chamber 100 from contamination. An O-ring 219 may be
mounted outside the junction between the tip 202 and the
body 208, or alternatively an O-ring 222 may be mounted in
" the passageway 209 to isolate the passageway 209 from the
passageway 204. Additionally, a ferrile 224 can be
positioned at the beginning of the passageway 212 to provide
another seal. The O-ring 219 and ferrile thus prevents
contaminants from reaching the chamber 100 during operation
of the equipment. Additionally, the O-ring 219 and ferrile
224 prevents contaminants from disrupting the optics
associated with the light conductor 214.
The O-rings and ferrile are made of Viton™ and are
available from Bay Seal Company of Hayward, California.
Alternatively, in place of the O-rings 219 and/or 222 and



houses a |ight conductor 214 with first and second end portions 216 and
218. The | iwBlogsygguctor 214 has a  dianmeter of about 0'4'iﬁEﬁb ; e -
enbodi ment, the |ight conductor 214 can be a one mllineter md%%ﬁ%ﬁgth,
mul ti - node, fiber optic cable available from 3M Corporation of West

Ha?/en, CTa Th\ﬁmﬁlalgéfriméiﬂizibéﬂ 1o 'ctheﬁ@@f h.«at’a.alé 8p6RY £ sudids @fploq@gktz
silica and a i ng. 0 eat a oW erat.ure _pol yner.

Al t hough t he g](ﬂ C%V%Jof%)dg%ngro%%? aﬁ[%cpﬁglﬁ%h }%gﬁg%l?laﬁaljr f Kege
chanber 100, espdstagfill HehepdippassagemayhRh tenpeiming ebeneabdanent of
the  chanbery J00-woul d-g &St dsd B AT i€ 95k é?:oﬁ‘ﬂeaéa f% iczg.gl'r.ng" oreowggg

t he pol yner degrades via evaporation and renders the ptic ca
unusabl e. the qpo¥y Fartbe PR tepthe papraoepy K19 tise skcyke the

tenperat ure asgTe ated widnid heheoopRygt pog .of the chanber 100, the
cladding of the fiQer optic cahle is stripped awa t 0 .expose the fi ber
optic core. Speci f?‘c’ﬁ?ll"%' aH¥ut cﬁéylszoq teh CBPn?ﬁEZQI Sadiy tr?dﬁelzilgl wiLgh
renoved to explosepddeagewsy 21at erlihal pakshbewhy b2r2 dpiusesc ablee secdhils core
thus forns he first ord i 16 ich.is. e al Ly inserted

t hrough one o n%o‘?né uT]f%r?%Aé)-oéf%% 5)‘1 g\é?ﬁggd?é%%%ra 41er é”ﬁcﬁlhnﬁ'gr mation from
| ocal i zed regdoestudily Rignitesited e saeond thenpyyporatians 1282| s1p8dtect ed
in an encl osuyg3201, as  described below. In this manner, only the silica
core is exposed to_col]ect high intensity radiation fromthe heated
substrate 106 whi | Reteer P ViR ShdAnries 3pr 8t 88FRR YIRS urenpypbe

tT ﬁrrperalt ure. 220 is sh%wr;] In this lembﬁdiment, an 9a1211 fiﬁ@HaU$QBéﬂt961§@ifc
e encl osure . houses the.ll .CO ctor L mge _up or a
e e L e L

temperature epoxy. The silica fiber optic cable 230 is

further protected by a housing 250. The all silica fiber
optic cable, such as a WFGE 1000/1100 HPN fiber assembly is
available from CeramOptec Inc. of East Longmeadow,
Massachusetts. As the all silica fiber optic cable does not
have a polymer cladding which can degrade at high
temperatures, the cable 230 only needs to be mounted inside
the tip 240 and the housing 250 to protect it against
physical damage. In Figure 3, the temperature probe 220 has
a tip 222 which is connected to a body 224, which in turn is
connected to a tail portion 226. The tip 222, body 224 and
tail 226 are connected via passageways 221, 228 and 229,

. respectively.

During assembly, the cable 230 is initially inserted
through the tail 226 and the passageway 221, and is fitted
flushed against the open end of the tip 216. Next, the
fiber 230 may be secured by injecting a high temperature
epoxy, as discussed above, into the passageway 221 of the
tip 222. Further, a low temperature epoxy may be injected
into the passageway 228 of the body 224. Alternatively, as
discussed above, suitable O-rings and ferriles may be used
in place of the epoxy to insulate the chamber 100 from

contaminants.
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first end portion 216 of the |ight conductor 214 is adapted to be housed
in the ti pw039/14868 ch has an inner passageway 204 where thecfausosiioned
portion 216 is received. The tip 202 is approximately 0.1 inch long with
an outsi de di aneter of approximately 0.08 inch. Further, the inner
passageway 204 HR4rRiEg A &0 FHLBE dxi FReeMpUBtBRT| aEhthe The tip
gO(ZJI pr2 8?3 r udest driguird ther & koD & £ mltg@xlierrfeyobez ﬂﬁd’@l:[l@rclﬁ%xﬂ%éﬂfmﬁ sitseael . The
ody nay ve an ou Si |ane r of _approxinate : ch and a
Cength o 0 5 R R r SRBREALTR BRRPs A s body
passageway Zaﬁmmmdnslmougﬁrara yaaisagieed 0% that hextemds fipassdgeway 204. At
the interfac e. 4 4 e §§%? 09 Jmay
have a di aneta%grg%%é%p%fr ont%% na%%%i%%%a%teég bv\ﬂ%gl lepggy}%]ﬁ ﬁ@rl@é:r? tf!r;rﬁ
body passage¥iesy SUOimkass E‘tﬁ%ﬁetb@rseoﬂlébouf'ugtbgrt RHEIHR02 jafctdwse i n

di aneter for %%&af@@g se@%kﬁ*&?hdﬁscoﬁhEéfgiﬁktyO4 rhﬂalseerztéﬂ%&%@

nmounti ng of the |ight_ conductor sﬁ conductor 214
has been i nsd&fa3sRpgmd 04moihttdtf redleFtrrudhéd ada ‘F\%’fni ¥R the tip
202, a seal i ggceysterel Sngd muedegﬁom mzanecb the bagerixg. ofar heng chanber

100 from cont am nat i n 19 ynt ed_ outside the j ctl on
between t ho (IR AP (T DA D0s 128k BPelaer: S AR O g

be nmounted i nfleih:éobascxagmw]y 2oen <12|5sotaae thangmbsagelgit 209 theom t he
passageway 2 A% y, a ferrile 224 can be positioned at the

begi nni ng of e passa evvay 212 to provide another seal, The Oring 219
and ferrile thus phbvleeush EhRmmERtam SAolem REACHSRY t Hiolhdings o

]giurl nlg 0|ogr2 Z‘tépéb 19% e ?Ei:lﬁzrp@?'t oftﬁégh %ueeab%a ttiEl?laQ rntaﬁ%ﬁjaa m@mt g
errile revents con, an rom dil, sru | | C asSsSOocCl at e
W e 1ok e e YE L b Te G RRHE A IEEALE PR

Viton[err] antighte witeid atdre He amdBay £Saal é:pppagmylaﬁe I-Haaanz&rmhle@alntf amil a.

Alternativel Yool bl G688 ddlheOnd93a38) 800h%s Y, chat can

transmit the sampled radiation to the pyrometer.
Other embodiments are within the scope of the following
claims.
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PCT/ US98/ 19166 the ferrile 224, a high tenperature epoxy, such as

EPO- TEK  3w@ 99aM8éd abl e from Epoxy Technol ogy, Billerica -
used to fill the tip passageway 204 contai-pi-ng the cabl e 2142/9(:1"/‘?[%Myﬁ‘i66

the first portion 216 of the cable 214. Mor mﬂm‘ﬁi y can be
applied to the passdgeways 20 imedsdsur e theﬁi‘lﬂm’y‘u in the body
208. Further, the body 208 is connec ¢o0 it héd tall 210 with t he
passageway 212. The passageway 212 houses the second end portion 218 of
the |ight conduct ord empefatary probeyeromprigirdnnected to one of the

pyrometers 128A, 123B fdht dedffector h f ey Fd a ond
t enper at ure probe 220 IS shoméo;r{;pgvggsenb%dl %ﬁ%é&n& %B ?83 fléﬁg

optic cable 230 ¥ FRIRBYF aghti ¢PPANCEAY éﬁl"énﬁ i‘gh

t enperature epoxy. The salpmafgéway dptri hoasbhg 2B second WdrkebnPbet egked
by a housi ng 250. fiber optic cable, such as a WFGE

1000/ 1100 HPN fi berf%?s}s qsnﬁui&or'aval | abl e from CeranOptec Inc. of East
Longneadow, Massachusetmn @pemr@neoahbcsﬁhd;cehéiﬁmsacgﬁv«‘ay tabke does not

230 onl y needs (o b8 Tanled  serde e Lonere; A et R Eelbl Eaaebl 57 ©

230 only needs to be npunte nsi d 0 an
protect it agai nst Proifa dde ééﬁﬁ@eporﬁl@ﬂg@ﬁ el lightt eppdratarefpembe
220 has a tip 22Zwhigds ga@e@%}negﬁgd to a body 224, which in turn is

connected to a tail portl on 226 ge g 222, body §4 and ta|I 226 are
connected vi a passageway’ lf’Zé £nga558geway oy ially propgftng
assenbly, the cabl a:l'ﬂa?(becsmdqpblrallb;a fnemraxedanvntﬂmyﬂt thewhath 2ré and

t he passageway 221 hed agai nst the open end of the tip
216. Next, the gguftlto g %{:J?%d by injecting a high tenperature
epoxy, as discussed above into the passageway 221 of the

2. The temperature probe of claim 1, wherein the light
conductor is a fiber optic cable.

3. The temperature probe of claim 2, wherein the fiber
optic cable is a silica cable.

4. The temperature probe of claim 2, wherein the first
portion of the fiber optic cable is a stripped silica
portion and the second portion is a cladded portion.

5. The temperature probe of claim 1, wherein the seal is

an O-ring.

6. The temperature probe of claim 4, further comprising a
ferrile mounted on the second portion of the light

conductor.
7. The temperature probe of claim 1, wherein the seal is
an epoxy.

8. The temperature probe of claim 1, further comprising a

12



passageway '2’2)899(#55t5he body 224. At di scussedCTUBYN19166
suitable Orings and ferriles may b "'ace of the epoxy to
i nsul ate the ghamher 100 fr con n1ha
10 PCT/U%§§F13f6§°unte on #yr nj ng FNWV%%?%Q”QGﬁet@e thghkount i ng of
the t enper atonduproe of Figure 2 or 3 in the chanber 100 is
illustrated. In Figure 4, a tenperature probe 126A is inserted through a
passage 307 that extends fromthe backsi de of the stainless steel base
116 through tHe tofhef temperasuaenpesbesofetldiasd 1 wherBiant bhe atip 202
passage 302 | Borheo e oo o 100 A Taokt o nutoi0ne Sas e AR, FERELS (e
probe 126A t oPPRE1RAsEL1ERe #hgbﬁdconiﬁﬁQQ%HIBBO of the probe 126A provi des
a connection to the flexible optical fiber 125A that transn1tsdI|?hthto
t he pyr onet h fiber optic cahl es are, use I ght
pi pes can &éo b nﬁﬁ?lgrSﬁﬁﬁﬂﬁgogﬁ%?e%ﬁﬁQQﬂﬂ¥§Qﬁﬁb%Pﬁr hRaELRY a2 havi ng
a hlggly Fol|shbdtratéectompriﬁﬁ@g surface. dFurther t he IlgPt Plpes can
be nade of any appro n n CQrrQosi;:on-resi st an

"erBst PREhELS EATeltn iiRE BERRIRE T

%ﬁlatlon to the

tip 222. Further, Iom1tenperatULe»ep6¥?" @§$ ected into the

mat eri al s, such as quar Fansm t
pyr omnet er. substoaher enbodi nents are within t he scope of the follow ng
cl ai ms. a reflector mounted adjacent a second side of the

substrate; one or more temperature probes positioned in the
reflector, each of the temperature probes including:
a light conductor having first and second
portions; and
an enclosure for the light conductor having:
a passageway for housing the second
portion qf the light conductor;
an opening connecting the passageway to
the exterior of the enclosure, the opening
being adapted to project the first portion
of the light conductor from the passageway:
and
a seal in the passageway to
substantially protect the second portion
from an environment in which the first
portion projects;
a pyrometer coupled to the one or more temperature
probes; and
a controller coupled to the pyrometer and to the heater
for adjusting the temperature of the substrate.

11. The rapid thermal processing system of claim 10,
wherein the light conductor is a fiber optic cable.

12. The rapid thermal processing system of claim 11,

13



PCT/ US98/ 19166 VWhat is clainmed is: 1. A tenperature probe,
conpri si ng: woosd4ses | 1 ght conductor having first and second portion

an encl osure for the |ight conductor having: a pa

housi ng the second portion of the Iight conduct or; Immm mﬁ ,’””m
openi ng connecthemeime ipasSagevapttie aable is aeédlelrdaorcaﬁlet he*entl osume,

t he openi ng being adapted to project the first portion of the Ilght
conductor from the passageway; and a seal in the

passageway to LabstEneizapid shwuael processihg swelrr poralicm flidom an
environment i nMbi&in the first pbirkSbnPOEtLRY ﬁﬁ&zecap%lc catle &hg

t enperature probe of claimi1, erein the |1 ght conductor is a frber
optic cable. strippediliGaeratire BREHELSfSRIMMPET LA disnat Réadfedr
optic cable isp@rtsidca cable. 4. The tenperature probe of claim 2,
wherein the first portion of the fiber optic cable is a stripped silica
portion and the second portion is a cladded portion. 5. The
tenperature prbbe othelmphd therewedi prohessiag swstemrpOaliaig 10,

wherein the seal is an O-ring.

15. The rapid thermal processing system of claim 10,
wherein the seal is an epoxy.

16. The rapid thermal processing system of claim 10,
further comprising a ferrile mounted on the second portion
of the light conductor,

17. The rapid thermal processing system of claim 10,
wherein the passageway further comprises a protective
housing for the first portion of the light conductor.

18. A method for making a temperature probe, comprising:
forming first and second portions from a fiber optic
cable;
extending the first portion through an enclosure and
maintaining the second portion in the enclosure; and
sealing the second portion in the enclosure.

19. The method of claim 18, wherein the first portion
includes an exposed core and wherein the forming step
further comprises stripping the fiber optic cable to reveal
the core.

20. The method of claim 18, wherein the sealing step
further comprises applying a high temperature epoxy to the
second portion.

14



6. The tenperature probe of claim4, further conprising a ferrile
mount ed onWOH¥/148680nd portion of the Iight conduct or . PTI/USHEren66
tenperature probe of claim1l, wherein the seal is an epoxy. 8. The

tenperature probe of clai.m1, further_ co isin .

12 PCT/ U /197%?6 meathqdérprﬁf | &aﬁrﬁ‘uﬁgeg‘%ﬁr‘fkgr%e sealing,stepon of the

| i ght conddoirrher congprisefheppéppegatnr@-prmbe ofthe siermohd pbetebn.t he
passageway" conpri ses a protective housi ng for the first portion of the

| i ght conductor. A rapid_thermal processing systemfor heating a
substrate, c@dpri Shey: method ofy cRadme 1l povhereindihr PPy iigr stepi de of the
substrate;  furthed Rhpakek BPPNYeAgad AeeRt1 & 3 epRd s%'c@ﬁdofno% €on,
substrate; one or nore tenperature probes positioned in the reflector,
each of the tenperature probes including: a |light conductor
having first2and sgromethod of paafiinoh8; whérein the applying step

further comprises applying a ferrile to the second portion.

R
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an enclosure for the light conductor having: a

passageway wWwobe/izesi ng t he second portion mccTiim®shsght
conduct or; an openi ng connecting the passageway to
the exterior of the enclosure, the opening bei ng adapt ed
to project the firgthr-Bomttagr—— & | i ght conductor from
t he passageway: /I ~ \\\\\\\\\\\\ 173 a seal in the
passageway to . tTarty protect the second portion
froman environnment in [ h@k Ay portion projects;
a pyroneter coupled to t orfe e rature probes; and a
controller coupled tTi yrQn to ®he heater for adjusting the
tenperature of the pubgty teg N\ rapind thermal proces®=_g system of
claim 10, wherein the|lj ght va fRber optic cable. § 12. The
rapi d thermal processingl $ylst'en ' 1 .
13 wherein the |fj ber odt a silica cable ‘5’ The rapid
t hermal processi ng- systleim| ofX_c k in the first portii: of the
fiber optic cable 1§ aj.
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stripped silica portion and the second portion is a cladded portion. 14.
The rapi d Wwoeswmbsspr ocessi ng system of claim 10, wherein t h@CTa®P8/1Y6@N

0-ring. 15. The rapid thermal processing system of. claim 10, wherein the
seal is an epoxy. 16. The rapid thermal processing system of claim 10,
further conprising a ferrile nounted op g4e second portion of the |ight
conduct or. 17. The rapid thernmal procCesSing systemof claim 10, wherein
t he passageway furth oomri ses a protective housg the first portion
of the Iight conduct %‘ 8. A nethod for making ¢r at ure probe,
conpri si ng: for i ng fifr st and second portions h fiber optic
cabl e; ext endi g the glirst portion through a gure and
mai nt ai ni ng the seco upri on in the encl osure; seal ing the
second portion in thédepcl@3yre. 19. The net hod ¢ ¢ m 18, wherein the
first portion includé¢s Ap jd sed core and wherei nfj br m ng step further
conprises stripping xﬁ I @eky opti c cable to reveayl Lor e. 20. The
met hod of claim 18, pefpiyl the sealing step furth gbrises applying a
hi gh tenperature epoxy 1p [qhe second portion. ;
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14 PCT/ US98/ 19166 21. The method of claim 18, wherein the sealing
step f ur tva@weg4mgPri ses applying an Oring to the second pqmnmm@&qm55 22.
The net hod of claim 21, wherein the applying step further conprises
applying a ferrile to the second portion. 23. The nethod of claim 18,
wherein the applying step further CO@P}éSES applying a ferrile to the
second portion.
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(57) Abstract

A temperature probe has a light conductor for optically transmitting temperature information to a pyrometer. The light conductor
has a first portion which is adapted to capture temperature information and a second portion which is connected to the pyrometer. The
probe also has an enclosure for protecting the second portion of the light conductor. The enclosure in turn has a passageway for housing
the second portion of the light conductor and an opening for projecting the first portion of the light conductor from the passageway to the
outside of the enclosure, Additionally, a seal is provided in the passageway adjacent the opening to encapsulate the second portion of the

light conductor inside the passageway.
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